Abstract Background: Although the reliability of determining acromial morphology has been examined, to date, there has not been an analysis of interobserver and intraobserver reliability on determining the presence and measuring the size of an acromial enthesophyte. Questions/ Purposes: The hypothesis of this study was that there will be poor intraobserver and interobserver reliability in the (1) determination of the presence of an acromial enthesophyte, (2) determination of the size of an acromial enthesophyte, and (3) determination of acromial morphology. Patients and Methods: Fifteen fellowship-trained orthopedic shoulder surgeons reviewed the radiographs of 15 patients at two different intervals. Measurement of acromial enthesophytes was performed using two techniques: (1) enthesophyte length and (2) enthesophyte-humeral distance. Acromial morphology was also determined. Interobserver and intraobserver agreement was determined using intraclass correlation and kappa statistical methods. Results: The interobserver reliability was fair to moderate and the intraobserver reliability moderate for determining the presence of an acromial enthesophyte. The measurement of the enthesophyte length showed poor interobserver and intraobserver reliability. The measurement of the enthesophyte-humeral distance showed poor interobserver reliability and moderate intraobserver reliability. The interobserver Each author certifies that he has no commercial associations (e.g., consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conflict of interest in connection with the submitted article.
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Introduction
Acromial enthesophytes are thought to be an ossification of the insertion of the coracoacromial ligament where it attaches to the anterior acromial surface [5, 7, 12, 27] (Fig. 1) . The terminology acromial osteophyte or acromial spur is commonly used by patients, physicians, and shoulder specialists when describing acromial anatomy after radiographic or arthroscopic assessment. An acromial enthesophyte is a more correct anatomical term since the bone under the acromion originates from the ligament or tendon attachment rather than the lateral margin of the joint [6, 22] .
The distinction between acromial enthesophytes and the native acromial morphology (type I = flat, type II = curved, type III = hooked) as described by Bigliani et al. [3] has not always been clearly drawn in the literature. Descriptions of the same morphology have varied between authors, and this may lead to confusion when interpreting radiological data and considering surgical treatment of such conditions [6] .
Type III acromions have often been referred to as large spurs [6, 41, 43] .
To date, there is no published study found in the Medline database that examines the effect of an acromial enthesophyte on the outcome of patients with full-thickness rotator cuff tears treated with non-operative techniques. One study performed in Iran suggested that the presence of an acromial enthesophyte was not a predictor of outcome in patients with impingement syndrome that underwent nonoperative management [40] . The remaining studies found examined acromial morphology with respect to the nonoperative management of impingement syndrome [28, 42] .
Prior to undertaking studies that examine the relationship of acromial enthesophytes and the outcomes of treatment of rotator cuff disease, it is essential to determine the reliability of identifying and measuring the size of acromial enthesophytes. To the best of the authors' knowledge, there is no published study that evaluates the reliability of determining the presence or measuring the length of an acromial enthesophyte. The purpose of this study was to examine the ability of fellowshiptrained orthopedic shoulder specialists in differentiating between anatomic acromial morphology and acquired acromial enthesophytes. Interobserver and intraobserver reliability measurements will be performed to assess the consistency among and between observers in differentiating between acromial morphology and determining the presence of an acquired acromial enthesophyte. In addition, this study will determine the consistency among and between observers in the measurement of the size of the acromial enthesophyte. Based on reviews of previous studies [4, 19, 21, 36, 44] , we hypothesized that there will be poor intraobserver and interobserver reliability in the (1) determination of the presence of an acromial enthesophyte, (2) determination of the size of an acromial enthesophyte, and (3) determination of acromial morphology.
Materials and Methods
After institutional review board approval (Avera Institutional Review Board #2007.060E), a plain radiographic database was examined by the principal investigator in order to identify radiographic series that were thought to be representative of the three acromial morphologies initially described by Bigliani [3] . Fifteen patients were included in the study. The presenting complaints of these patients requiring radiographic examination of the shoulder were unknown. Exclusion criteria were having an incomplete radiographic series (anterior-posterior (AP), true AP, axillary view, and supraspinatus outlet view). Fifteen fellowship-trained shoulder surgeons were first instructed to judge the acromial morphology based on the classification of Bigliani et al. [3] . After determination of the acromial morphology, the observers were asked to record whether an acromial enthesophyte was present. Measurement of the length of the enthesophyte was performed as described by Kitay et al. [21] . In this method, the distance between the inferior aspect of the acromion to the distal tip of the enthesophyte is measured (enthesophyte length). In addition, the distance between the inferior tip of the enthesophyte and the humeral head was measured on the AP view (enthesophyte-humeral distance; Fig. 2) . A minimum of 4 months later, the observers were asked to rate the same series of radiographs again. All observers were blinded to their original answers and the order of radiographs examined was randomized.
After each surgeon reviewed the 15 radiographic series twice, the data were entered into a spreadsheet for statistical analysis. Ordinal interobserver and intraobserver data agreement was determined using the kappa statistical methods [13] . Kappa statistics measure agreement beyond the agreement due to chance alone. The kappa statistic was then interpreted by the method of Landis and Koch: 0-0.2= poor; 0.21-0.40=fair; 0.41-0.60=moderate; 0.61-0.80= good; 0.80-1.0=excellent [23] . Continuous interobserver and intraobserver agreement (enthesophyte length and enthesophyte-humeral distance) was determined using intraclass correlation (ICC) and interpreted using the method of Portney and Watkins [38] .
Analyses were performed using free open source R statistical software (www.r-project.org). Since each surgeon reviewed each radiographic series twice, interobserver reliability was calculated twice. Therefore, interobserver reliability is presented as the mean and standard deviation of the two calculations.
Results
Interobserver reliability in determining the presence of an acromial enthesophyte was found to range from fair to moderate (kappa value=0.36±0.15). Interobserver reliability for determining enthesophyte length was poor (ICC= 0.08±0.05). The interobserver reliability for determining the enthesophyte-humeral distance was poor (ICC=0.24± 0.03). The interobserver reliability for determining acromial morphology was moderate (kappa value=0.53±0.04).
The intraobserver reliability in determining the presence of an acromial enthesophyte was moderate (kappa value= 0.49). Intraobserver reliability for determining enthesophyte length was also poor (ICC =0.04). The intraobserver reliability for determining the enthesophyte-humeral distance was moderate (ICC=0.50). The intraobserver reliability for determining acromial morphology was good (kappa value=0.66).
Of 15 radiographic series examined, at least one observer recorded the presence of an acromial enthesophyte on 12 of the radiographic series. The mean lengths of the enthesophytes measured ranged from 4.8 to 14.4 mm. The mean distance measured between the enthesophyte and the humeral head ranged from 1.1 to 10.9 mm.
Discussion
This study demonstrated that orthopedic surgeons with fellowship training in shoulder surgery have fair to moderate interobserver reliability in determining the presence of an enthesophyte. However, the measurement of these enthesophytes showed only poor interobserver reliability. The interobserver reliability in determining acromial morphology was found to be moderate.
As in most reliability studies, the intraobserver reliability was generally better than the interobserver reliability [20] . The intraobserver reliability for determining the presence of an enthesophyte was moderate. Similar to the interobserver findings, intraobserver reliability using the enthesophyte length technique was poor. However, the intraobserver reliability of measuring the enthesophytehumeral distance was moderate. Intraobserver reliability in determining acromial morphology was determined to be good.
It is not clear why the radiographic methods of measuring the size of the acromial enthesophyte were unreliable. It is possible that it is difficult to reliably determine the inferior cortex of the acromion on twodimensional radiographs. It is also possible that the reliability of this method would be improved using digital radiographs with a computerized measuring device. Computed tomography may be a more reliable method of measuring acromial enthesophytes, but this does not appear to be practical from a clinical standpoint.
This study was potentially limited by the inclusion of non-consecutive patients. The methodology of this study would be improved by having the investigators review a series of consecutive radiographs that were not previewed by the principal investigator. The difficulty with this proposed study design is that the true incidence of acromial enthesophytes is not well known. It may take >100 consecutive patients to have enough radiographic images to evaluate the presence of an acromial enthesophyte and all three acromial morphologies. In an attempt to limit the inclusion of potential bias, all of the investigators were blinded to the classifications determined by all other investigators including the principal investigator that selected the radiographic series.
The presence of an acromial enthesophyte was first noted in 1922 when Graves described a plaque of bone on the undersurface of the acromion. Graves suggested that it was an ossification of the coracoacromial ligament [6, 16] . Further studies have noted the presence of the acromial enthesophyte [1, 4, 6, 30] . The presence of enthesophytes ranges from 7% to 43.7% [3, 9, 25, 29, 31, 34, 39] . While most studies suggest that acromial spur incidence and size increase with age [14, 31, 33, 34] , two studies indicate no correlation of age and the prevalence of acromial enthesophytes [32, 39] . Shoulders with type III acromial morphology have been associated with a statistically increased presence of an entheophyte [14, 29, 34, 35] .
Bigliani et al. stressed the importance of distinguishing between spurs, which were probably acquired, and the variations in the native architectural type of the acromion [6] . Others have supported this distinction between native acromial morphology and the presence of an acquired acromial enthesophyte [14, 31, 34] . However, some believe that the hooked acromion (type III) is primarily an acquired characteristic and is a result of a degenerative change that occurs with aging [8, 15, 24, 43] . Edelson [8] supports this theory through his finding that no hooked acromions were found in cadaveric specimens under the age of 30 and that as age increased hooks became more common and larger. No longitudinal studies on acromial morphology have been recorded, and so the impact of the aging process on acromial morphology remains theoretical [31] .
Although there are no other studies found in the literature that assess reliability in determining the presence or size of an acromial enthesophyte, there are several studies that have examined the reliability of determining acromial morphology [4, 17, 19, 26, 36] . The interobserver reliability of this study was as good as or better than that of the previously published studies. An author of one of these studies felt that one of the difficulties with determining acromial morphology is the presence of acromial spurs which may confound the classification of the acromial morphology [4] . When a spur is present, the true acromial edge may appear indistinct, which may influence its classification. The current study is the first published reliability study that attempts to differentiate between native acromial morphology and the presence of an acromial enthesophyte.
Several studies have noted a correlation with the presence of a type III acromion and the increased prevalence and severity of rotator cuff disease [2, 10, 11, 15, 18, 34] . Similar findings have been found correlating the presence of acromial enthesophytes and rotator cuff disease [2, 11, 33] . However, other studies debate the correlation of rotator cuff disease with acromial morphology or acromial enthesophytes [18, 37] . When examining the success of non-operative treatment of impingement syndrome, acromial morphology has been shown to influence the outcome scores and the need for surgical intervention [28, 40, 42] . The presence of an acromial enthesophyte was not found to be statistically related to worse outcomes of the non-operative management of impingement syndrome [40] .
It is possible that the enthesophyte size and the distance between the enthesophyte and the humeral head is correlated with rotator cuff pathology; however, it has not been documented thus far. The authors believe that future studies should be performed to examine the role of the enthesophyte in the development of symptoms and the ability of treating rotator cuff tears associated with acromial enthesophytes. This current study may be helpful in developing these future studies.
Conclusions
When developing and interpreting future longitudinal studies that examine the presence of acromial enthesophytes on outcomes of rotator cuff disease, it is important to account for the reliability of determining and measuring the enthesophyte. This study demonstrates that there is fair to moderate reliability among observers in determining the presence of an acromial enthesophyte. However, there is poor reliability among observers in measuring the size of the enthesophyte. We recommend incorporating the enthesophyte-humeral distance in future studies that examine the role of the enthesophyte on the outcomes of rotator cuff disease. This study suggests that it may be more reliable than the enthesophyte length when measuring the enthesophyte. Additional methods of measuring the enthesophyte may need to be developed in the future to improve the reliability of measuring the acromial enthesophyte.
